Mesocotyl elongation, an essential trait for dry-seeded rice (Oryza sativa L.): a review of physiological and genetic basis.
(1) Mesocotyl elongation is responsive to abiotic stresses, such as deep sowing drought, submergence, chilling, and salinity. (2) Humus soil culture with a burial depth of 6 cm and at the temperature of 30 °C could be the optimum method for mesocotyl length phenotyping, The frequently colocalized quantitative trait loci (QTL) controlling mesocotyl elongation were located on chromosome (3) 1 (RM562-RG146), chromosome 2 (RZ288-RM145), and chromosome 3 (RM426-RM520). Dry direct-seeding is becoming a popular rice cultivation technology in many countries, which reduces water use and labor costs enormously. Meanwhile, direct-seeding rice is also facing the problems of low seedling emergence rate, poor seedling establishment, weed infestation, and high crop lodging rate. To take the full advantages of direct-seeding, both agronomic and genetic solutions are needed. Varieties with optimum mesocotyl length are desired for improving rice seedling emergence rate, particularly under deep sowing and submergence, which is adopted to reduce lodging and increase tolerance to abiotic stresses. In this review, we summarized the physiological and genetic mechanisms of mesocotyl elongation in rice. The elongation of mesocotyl is affected by light, temperature, and water, and, as a result, is responsive to sowing depth, water content, and soil salinity. Plant hormones such as abscisic acid (ABA), brassinosteroid (BR), strigolactones (SLs), cytokinin (CTK), ethylene (ETH), jasmonic acid (JA), gibberellin (GA), and indole-3-acetic acid (IAA) play important roles in regulating mesocotyl elongation. A humus soil culture protocol developed by our team was shown to be a better high-throughput method for measuring mesocotyl length in large scale. Sixty-seven QTL controlling mesocotyl length were reported, which are distributed on all the 12 chromosomes. Twelve chromosomal regions were repeatedly found to have QTL using various mapping populations and methods. These regions should be targeted in future studies to isolate genes and develop markers for molecular breeding. Two genes with very different molecular functions have been cloned, highlighting the genetic complexity of mesocotyl elongation.